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Abstract 
Air pollution in modern city is very important for people’s health and environment management. In order to improve 
air quality forecasting and air pollution simulation in China, this paper gives a method of analyzing and evaluating air 
pollutants ozone using the Community Multiscale Air Quality modeling system. The experiment results clearly show 
the time serious of ozone concentration at the given area and its spatial distribution at the given time. This method can 
be applied to other oxids of nitrogen  pollutants, and help us to control air pollution in China. 
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1.  Introduction  
Air pollution problem is concerned by more and more people, which lead to not only a lot of diseases, 
but also the ecological balance of 21st century serious damage. It is a big threat to sustainable and stable 
development. At present, Chinese economy is developing rapidly. The problem, such as energy and 
transportation (especially city car ownership) increase, the urban population expansion, and the sharp 
development of large industrial zone, make the city and even our country's air pollution is getting worse. 
In order to predict trends of air pollution, prevent environmental disasters, as well as enhance people's 
environmental awareness. The Multi-model of air quality forecasting is the future direction of development 
and evaluation system. The purpose is to minimize the inconsistency of  a weather and emission processing 
result, and get more objective evaluation results of different air quality modeling simulation. Meanwhile, it 
can promote the multi-model ensemble forecasting system developing more reasonably. 
Currently, the development trend of air quality models is dynamic-chemical coupling modeling system, 
the United States Environmental Protection Agency (EPA) developed Models-3/CMAQ modeling system 
is a representative model. The paper introduces this modeling system, and analyses the methods and results 
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of experiments. It is for improving air quality in various regions of forecasting level and the establishment 
of multi-model forecasting in the future to provide some scientific and practical value.  
2. Methods  
2.1. Model Background and Current Situation  
The EPA Community Multi-scale Air Quality (CMAQ) modeling system is a third-generation air 
quality model[1], which is designed for applications ranging from regulatory and policy analysis to 
understanding the complex interactions of atmospheric chemistry and physics. It is a three-dimensional 
Eulerian atmospheric chemistry and transport modeling system that simulates ozone, particulate matter 
(PM), toxic airborne pollutants, visibility, and acidic and nutrient pollutant species throughout the 
troposphere. Designed as a “one-atmosphere” model, CMAQ can address the complex couplings among 
several air quality issues simultaneously across spatial scales ranging from local to hemispheric.  
At present, the new generation of atmospheric modeling tools applies an integrated approach to the 
model domain by solving some complex environmental problems. R.S. Sokhi et al.[2] used the MM5–
CMAQ modeling system to predict hourly ozone levels over London, UK. R. San José et al.[3] presented 
the methodology and results obtained when applying the MM5-CMAQ air quality modeling system for 
evaluating the potential impact of an incinerator in San Sebastián (Basque Country, Spain). SHRESTHA 
Kundan Lal et al.[4] used CMAQ model coupled with MM5 mesoscale model for a comprehensive analysis 
to assess the suitability of such high-resolution modeling system in predicting ozone air quality in the 
complex terrains of Osaka, Japan. Steven C. Smyth et al.[5] compared the AURAMS- and CMAQ-
predicted O3 concentrations against hourly surface measurement data. CHENG XingHong et al.[6]
constructed an emission source inversion model using a variational processing method and adaptive 
nudging scheme for CMAQ based on satellite data to investigate the applicability of high resolution OMI 
(Ozone Monitoring Instrument) column concentration data for air quality forecasting over the North China. 
2.2. Meteorological modeling and Emission modeling  
With weather conditions contributing the primary physical driving forces in the atmosphere, 
representative gridded meteorology forms the basis of all 3-D air quality model simulations. The Fifth-
Generation Pennsylvania State University/National Center for Atmospheric Research (PSU/NCAR) 
Mesoscale Model[7] (MM5) and the Weather Research and Forecasting (WRF) model are two 
meteorological models that are compatible with CMAQ. The meteorology inputs dictate the following 
CMAQ configuration parameters[1]:
x Horizontal grid coordinate system (e.g., latitude-longitude) and map projection (e.g., Lambert 
Conformal Conic)  
x Horizontal grid resolution (i.e., the size of the cells composing the grid)  
x Maximum spatial coverage (horizontal geographic extent, i.e., the domain) of the grid  
x Maximum vertical grid extent (model top)  
x Temporal extent (the starting and ending dates and times and the meteorology update frequency) 
To obtain inputs on emissions, CMAQ relies on an emissions model to estimate the magnitude, location, 
and temporal variability of pollution sources. Open-source models such as the Sparse Matrix Operator 
Kernel Emissions (SMOKE) model[8] and the Consolidated Community Emissions Processing Tool 
(CONCEPT) are available for computing emissions inputs to CMAQ from annual, county-level emissions 
inventories. These emissions inputs must be on the same horizontal and vertical spatial scales and cover the 
same time period as are used in the air quality model simulation. The emissions inputs to CMAQ must also 
represent volatile organic compound (VOC) emissions using a chemical parameterization supported by 
CMAQ; currently supported photochemical mechanisms are the 2005 update to the Carbon Bond 
mechanism (CB05), and the Statewide Air Pollution Research Center, Version 1999 (SAPRC-99) 
mechanism.  
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3. Results and discussions 
3.1. CMAQ System Components  
CMAQ is designed from the start as a community model. “Community modeling” is the concept that 
air quality model development should be a collective effort by a broad community of developers. By 
adopting a standardized modeling architecture, the air quality modeling community can focus its efforts on 
creating software enhancements and new science modules. CMAQ’s modular structure facilitates 
customization and open-source development by the community. Using the Input/Output Applications 
Programming Interface (I/O API) library to control the internal and external data flows to the model, and 
the network Common Data Form (netCDF) library to control the input and output file formats, CMAQ is 
based around a transparent and platform-independent code infrastructure that promotes extensibility. There 
are five main CMAQ programs[1]:
x The initial conditions processor (ICON). 
x The boundary conditions processor (BCON). 
x The clear-sky photolysis rate calculator (JPROC). 
x The Meteorology-Chemistry Interface Processor (MCIP). 
x The CMAQ Chemistry-Transport Model (CCTM). 
Ancillary support programs distributed with CMAQ include: 
x The code builder/manager (M3BLD). 
x The chemical mechanism compiler (CHEMMECH). 
x The process analysis preprocessor (PROCAN). 
CMAQ uses the MCIP processor to prepare the meteorological fields for CCTM. The ICON and 
BCON processors generate the initial and boundary conditions for a CCTM simulation. JPROC computes 
the photolysis rates that are used when simulating photochemical reactions in CCTM. Emissions for 
CMAQ must be prepared with a modeling system that generates emissions for directly input to CCTM.  
CCTM is the final program to be run and the core component in the CMAQ modeling sequence(Fig. 1). 
CCTM integrates the output from the preprocessing programs described above (JPROC, BCON, ICON, 
and MCIP), as well as CMAQ-ready emissions inputs (e.g., output from SMOKE), to simulate continuous 
atmospheric chemical conditions. The modeled concentrations of relevant species can be captured for 
output at a user-definable time frequency (typically hourly). The CCTM output files are all binary netCDF 
files of gridded and temporally resolved air pollutant information, such as gas- and aerosol-phase species 
mixing ratios, hourly wet and dry deposition values, visibility metrics, and integral-averaged 
concentrations. The spatial and temporal coverages of CCTM are dictated by the input meteorology 
information. The science configuration is specific to each application of the model and can be adjusted to 
optimize model performance both computationally and in the numerical reproduction of observed air 
quality trends. Configuration options for CCTM include the temporal coverage of the simulation, the 
chemical mechanism to use in the modeling, the physics scheme to use for modeling pollutant transport, 
heterogeneous and aqueous chemistry options, and diagnostic options (such as process analysis, discussed 
in the next paragraph). CCTM has the largest number of configuration options of all the CMAQ programs. 
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Figure 1. CMAQ Chemistry-Transport Model (CCTM) and input processors  
3.2. Experiments  
CMAQ requires two primary types of inputs: meteorological information, and emission rates from 
sources of emissions that affect air quality. Owing to the emission source data in our country cannot satisfy 
the requirement Models-3/CMAQ, we used test data provided by the U.S. EPA to research firstly. The test 
data is available for July, 2001. 
The CMAQ program (MCIP) prepared and diagnosed all meteorological fields (including high 
temperature-pressure pleasantly, wind field and temperature field, water vapour field, cloudiness, 
precipitation and vertical diffusion coefficient, etc.) that were required for SMOKE and CCTM. MCIP 
used output files from the MM5 meteorological models to create netCDF-formatted input meteorology data 
that were used by SMOKE (the emissions processor that computes emissions inputs to CMAQ) and by 
CMAQ. 
Figure 2. Views of the VERDI_1.1 operational services producing air quality forecasting  
The domain data adopted Lambert conformal projection, The center of the region was simulated for 
latitude and longitude of 85°W and 36°N in the northeastern U.S. The chemical reactions were simulated 
by the updated version of the CB-V mechanism with the isoprene chemistry mechanism and the Arrhenius 
type rate constant expressions. The system required topography[2] which was obtained from the Digital 
Elevation Model from USGS with 30s spatial resolution and landuse data which was also obtained from 
USGS 1 km NOAA/AVHRR satellite data sets, and emissions source list was released by the U.S. EPA. 
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We used the previous 24 hours of monitoring data for the next day provide initial pollutant concentration. 
At last, we drawed and analysised the experimental results by VERDI_1.1 (the Visualization Environment 
for Rich Data Interpretation) software. 
3.3. Quantitative analysis of ozone  
To improve the performance of air quality forecasts and simulation in our country, this paper gives the 
research and evaluation of air quality simulation and forecasts to the CMAQ modeling system for 
predicting hourly ozone (O3) levels for routine applications. O3 is of major environmental concern because 
of its adverse impacts on human health (e.g., inÀammatory response and decrease in lung function), 
including the effects on ecosystems and agricultural crops (e.g., visible foliar injury and reductions in crop 
and seed productivity)[9-13].
The starting and ending time of experiment were 0 o’clock and 24 0’clock in July 22, 2001. We 
predicted and evaluated 24-hour concentration of O3 in American northeast. From the change chart of O3
average concentration (Fig. 3), it is obviously to show the average concentration changes on this model. It 
can well reflect the diurnal change of pollutants. From 0 o’clock, the concentration of O3 (32.8×10-3ppmv) 
slowly declined, at 11 a.m. reached the minimum (26.1×10-3ppmv). Subsequently, the concentration began 
to rise, get the peak at 20 p.m. (42.6×10-3ppmv) and then began to decline. The results were influenced by 
pollutant emissions, meteorologic conditions and the chemical reactions.  
Figure 3. The time series of  ozone concentration (July 22,2001) 
We selected the minimum and maximum (Fig. 4 and  Fig. 5) among the average concentration of O3 in 
all day time to doing research. 
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Figure 4. The distribution of  ozone concentration at the given time (11 a.m. July 22,2001) 
Figure 5. The distribution of  ozone concentration at the given time (20 p.m. July 22,2001) 
The experiments clearly revealed more localized distributing characteristics and regional differences of 
O3 concentration. The CMAQ model performed significantly better in forecasting O3 concentration level 
and its tendency as reflected by the more consistencies between the O3 concentrations from practical 
observation and model results. The results showed that O3 concentration changed heavily in east coast area 
of northeastern U.S. (Maryland, New Jersey, Connecticut, etc.). With such information, emission sources 
in the east coast of northeast America were found to have greater impacts on air quality. 
165 Xi Luo and Han Cao /  Procedia Environmental Sciences  12 ( 2012 )  159 – 165 
4. Conclusions  
This paper aims at providing a method of analyzing the changing of O3 concentration within 
experiment area using Models-3/CMAQ modeling system in the condition of lacking practical pollutant 
data of China. It can provide a scientific basis for exploring the generation reason of O3 and effective 
controlling O3 concentration of modern city.  
At present, the multi-model ensemble forecasting system is an important direction of air quality 
forecasting, and there is already some primary research in this area. The Models-3/CMAQ modeling 
system is a powerful and easy-to-use simulation platform for air quality forecasting and air pollution 
simulation, and it uses the MPICH message passing interface (MPI) to manage communication between 
processors in a clustered multiprocessor computing environment. Our following work is to estimate the 
accuracy of air quality forecasting using observation data in specific urban areas, and do more experiments 
with multi-model ensemble forecasting method. This will be a fast and good way to solve the problems of 
air pollution monitoring and environment protection. It is useful to improve air quality simulation in China.  
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